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Light emitting device package and method for manufacturing the same 



(57) The present Invention relates to a light emitting 
device package and a method for manufacturing the 
same. The present invention has advantages in that a 
light emitting device is electrically connected to other de- 
vices without use of wire bonding, thereby saving a space 
for wire bonding and reducing the size of a package. The 



present Invention has advantages In that there Is no wire 
In a light emitting device by using a conductive intercon- 
nection portion so that a phosphor can be easily and unl- 
fonnly applied, and an area where vertically emitted light 
is absorbed can be reduced so that light extraction of a 
device can be enhanced. 
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Description 

BACKGROUND 

[0001 ] The present Invention relates to a light emitting 
device package and a method for manufacturing the 
same. 

[0002] In general, a light emitting device basically com- 
prises a junction of p-type and n-type semiconductors, 
and is a kind of optoelectronc device in which upon ap- 
plication of a voltage thereto, energy con-esponding to a 
bandgap of a semiconductor is emitted in the form of light 
due to combination of electrons and holes. 
[0003] The amount of light output from the light emitting 
device increases in proportion to an electric current flow- 
ing through the device. 

[0004] Studies on such a light emitting device has been 
actively conducted as power consumption is low. harmful 
substances are not used, color reproducibility is good 
and a life span is extended as long as tens of thousands 
hours or more. 

[0005] A light emitting device such as a light emitting 
diode (LED) or laser diode using a lll-V group or ll-VI 
group compound semiconductor material of a direct tran- 
sition type semiconductor can implement red, green, blue 
colors and ultraviolet rays by means of a thin film growth 
technique and development of a device material. 
[0006] Further, the light emitting device can implement 
a white light source with superior efficiency by using a 
fluorescent substance or by combining light. 
[0007] With the development of such techniques, the 
light emitting device has been used not only in a device 
foradlsplaybutinavariety of fields such as a transmitting 
module, a backllgnt of a liquid crystal display (LCD), a 
lighting system capable of substituting for a fluorescent 
lamp or incandescent bulb, a sign board, a traffic light, 
and an instrunrient panel of a car. 
[0008] Meanwhile, if a substrate is n-type In a red or 
infrared light emitting device, an n-type layer, an active 
layer and a p-type layer are sequentially laminated on a 
top surface of the substrate, an n-type electrode layer is 
formed beneath a bottom surface of the substrate, and 
a p-type electrode layer is fonned on atop surface of the 
p-type layer. 

[0009] If a forward voltage is applied between the n- 
type and p-type electrode layers in the red light emitting 
device, electrons are injected into the active layer through 
the n-type layer and holes are injected into the active 
layer through the p-type layer. 
[001 0] At this time, the electrons and the holes injected 
into the active layer are recombined and then emit light 
corresponding to a bandgap or an energy level difference 
of the active layer. 

[0011] As described above, the red or infrared light 
emitting device is provided with a structure where the p- 
type and n-type electrode layers face each other with the 
substrate there between. 

[0012] Accordingly, at least one electrode should be 



subjected to wire bonding in the prior art so that the red 
or infrared light emitting device can come into contact 
with a submount or a printed circuit board (PCB) and can 
be electrically connected to other devices. 
5 [0013] Therefore, a certain space for wire bonding to 
the submount or the PCB should be provided. This caus- 
es increase in the size of a package, and reduction in 
reliability of the package due to short or disconnection of 
a wire. 

10 [001 4] Such a prior art will be described with reference 
to FIG 1. 

[001 5] FIG 1 is a sectional view of a conventional light 
emitting device package using wire bonding. First and 
second conductive pads (1 10. 1 1 1) are fomied on a top 
15 surface of a substrate (100) while being spaced apart 
from each other. 

[001 6] Further, a second electrode layer (1 23) f omned 
beneath a bottom surface of a light emitting device (1 20) 
is bonded to a top surface of the first conductive pad 
20 (110), and a first electrode layer (122) fonned on a top 
surface of the light emitting device (1 20) and the second 
conductive pad (111) are wire bonded for electrical con- 
nection there between. 

[0017] A submount made of silicone (Si) or ceramic, 
25 or a PCB is used for the substrate (1 00). 

[001 8] The first conductive pad (1 1 0) is formed on the 
top surface of the substrate (1 00). 
[001 9] Further, the first conductive pad (1 1 0) has the 
same polarity as that of the second electrode layer (1 23) 
30 fonned beneath the bottom surface of the light emitting 
device (120). 

[0020] Forexample. if the second electrode layer(123) 
fonned beneath the bottom surface of the light emitting 
device (120) Is n-type, the first conductive pad (110) Is 
35 also n-type. If the second electrode layer (123) fonned 
beneath the bottom surface of the light emitting device 
(120) is p-type, the first conductive pad (1 10) is also p- 
type. 

[0021] The second conductive pad (111) is fonned on 
40 the top surface of the substrate (100) such that it is 
spaced apart from the first conductive pad (110). 
[0022] The light emitting device (1 20) is bonded to the 
top surface of the first conductive pad (110). 
[0023] FIG 2 is a sectional view showing a state where 
45 light emitting devices are arrayed and packaged accord- 
ing to a prior art, A plurality of conductive pads (1 12a. 
1 1 2b, 1 1 2c, 1 1 2d. 1 1 2e. 1 1 2f) are fomned on a substrate 
(100) of the light emitting device package. 
[0024] In addition, a lower electrode (131) of a red light 
50 emitting device (130) is bonded to a top surface of the 
conductive pad (1 1 2a) with a conductive adhesive (1 35). 
and an upper electrode (132) of the red light emitting 
device (130) is wire bonded to another conductive pad 
(112b). 

55 [0025] Further, a green light emitting device (140) is 
bonded to the substrate (100) with an adhesive (145), 
and two upper electrodes (141, 142) of the green light 
emitting device (140) are respectively wire t>ondedto the 
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two conductive pads (11 2c, 11 2d). 
[0026] Furthermore, a blue light emitting device (1 50) 
Is bonded to the substrate ( 1 00) with an adhesive (i 55), 
and two upper electrodes (151 . 152) of the blue light emit- 
ting device (l 50) are respectively wire bonded to the two 
conductive pads (112e, 112f). 

[0027] Such a light emitting device package mounts 
red, green and blue light emitting devices on a substrate 
to implement a package emitting white light. At this time, 
wire bonding is perfonned several times. 
[0028] As described above, there is a disadvantage in 
that a space for wire-bonding a light emitting device is 
additionally required in the conventional light emitting de- 
vice, resulting in increase in the size of a package. 
[0029] Further, since a bonded wire may be short- 
circuited or disconnected, reliability for connection be- 
tween devices suffers. 

[0030] Furthennore. the wire bonding is not suitable 
for mass production. 

[0031 J Meanwhile, roughly two methods can be used 
to fabricate a white light emitting diode. First, there is a 
single chip-type method In which a fluorescent substance 
is combined on a blue or UV LED chip to obtain white 
light. Second is a multi chip-type method in which two or 
three LED chips are combined with each other to obtain 
white light. At this time, if where the single chip type meth- 
od is used, ft is essentially required to apply a phosphor 
on a fabricated LED. 

[0032] FIGS. 3a and 3b are sectional views schemat- 
ically showing a state where a phosphor is applied to a 
conventional light emitting device package. An LED hav- 
ing a p-type layer (157), an active layer (156) and an n- 
type layer (155), which are sequentially laminated one 
above another, Is Joined to a submount (160) with a p- 
ohmic contact metal layer (162) interposed therebe- 
tween, and an n-ohmic contact metal layer (163) is 
formed on the n-type layer (155). 
[0033] Here, a wire (159) through which a cun-ent is 
supplied to the LED is bonded to the n-ohmic contact 
metal layer (163). 

[0034] At this time, a phosphor is applied to surround 
the LED and a portion of the wire (1 59) as shown in FIGS. 
3a and 3b. 

[0035] Generally, in order to f onn a phosphor thin film, 
it is preferred that there be no convex or concave portion 
on a top surface of a device to which the phosphor is to 
be applied. However since the wire is bonded to the top 
of the LED in the conventional light emitting device pack- 
age shown in FIGS. 3a and 3b, it is not easy to apply the 
phosphor without damaging the wire. 
[0036] Further, to perfomi the wire bonding, a device 
Is fabricated considering a pattern area of a bonding pad. 
However, if a wire bonding portion comprising the bond- 
ing pad and the wire is placed on the top of the LED. a 
disadvantage occurs that it partially conceals a vertical 
light emitting area. 

[0037] That Is, although an area of about 0.1 :<0.1mm^ 
is requiredfor wire bonding, the wire bonding portion con- 
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ceals 1/9 of a light emitting area in a chip of 0.3 x 0.3mm^. 
[0038] Further, tendency is that, in manufacturing a 
high-performance LED its entire area comes to be larger, 
and if necessary, the number of ohmic metal pads may 

5 be Increased to reduce electrical resistance. 

[0039] Since a high-perfonnance LED is operated with 
a high cun-ent. it will be apparent that serial resistance 
should be reduced to prevent heat accumulation. Further, 
an ohmic contact metal is made thicker to reduce a volt- 

'0 age drop there by enhancing the light extraction efficien- 
cy. 

[0040] However, since there is limitation on deposit of 
a thick metal and the area of a wire bonding pad posi- 
tioned on the top of an LED should be increased to pre- 
'5 vent deterioration of the performance of the LED due to 
a voltage drop within the ohmic contact metal, a vertteal 
light emitting area of the LED inevitably decreases. 

SUMMARY OF THE INVEfSfTION 

20 

[0041] The present Invention is conceived to solve the 
aforementioned problems. Accordingly, an object of the 
present invention is to provide a light emitting device 
package and a method for manufacturing the same. 
25 wherein a light emitting device is electrically connected 
to other devices without use of wire bonding so that a 
space for the wire bonding can be decreased to reduce 
the size of a package, and a short-circuit or disconnection 
caused by the wire bonding can be reduced to improve 
30 reliability of the package. 

[0042] Another object of the present invention is to pro- 
vide a light emitting device package and a method for 
manufacturing the same, wherein a light transmitting ma- 
terial film is coated on a substrate with a light emitting 
35 device mounted thereon so that an additional passivation 
film capable of protecting the light emitting device can be 
dispensed, and wire bonding is not required to enable 
reduced manufacturing costs and mass production. 
[0043] A further object of the present invention is to 
^0 provide a light emitting device package and a method for 
manufacturing the same, wherein a conductive intercon- 
nection portion is used without a wire at a light emitting 
device so that unifonm application of a phosphor can be 
easily made and an area absorbing vertically emitted light 
^5 can be reduced to improve light extraction of the device. 
[0044] According to a first prefen^ed aspect of the 
present invention for achieving the object, there is pro- 
vided a light emitting device package, comprising : a sub- 
strate with a conductive pad formed thereon; a light emit- 
so ting device mounted on the substrate and having an elec- 
trode pad formed on at least one of the top and bottom 
of the light emitting device; a light transmitting material 
film for surrounding the conductive pad and the light emit- 
ting device while exposing a portion of each of the con- 
55 ductive pad and the electrode pad formed on the at least 
one of the top and bottom of the light emitting device; 
and a conductive line formed along a surface of the light 
transmitting material film from the exposed portion of the 
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conductive pad to the exposed portion of the electrode 
pad of the light emitting device. 
[0045] According to a second preferred aspect of the 
present invention for achieving the object, there is pro- 
vided a light emitting device package, comprising : a sub- 
strate with a pair of conductive pads formed thereon; a 
light emitting device mounted on the substrate and hav- 
ing a pair of electrode pads formed on the top of the light 
emitting device; a light transmitting material film for sur- 
rounding the conductive pads and the light emitting de- 
vice while exposing a portion of each of the pair of con- 
ductive pads and a portion of each of the pair of electrode 
pads; and a pair of conductive lines fomied along a sur- 
face of the light transmitting material film from the ex- 
posed portion of each of the pair of conductive pads to 
the exposed portion of each of the pair of electrode pads. 
[0046] According to a third prefen^d aspect of the 
present invention for achieving the object, there is pro- 
vided a light emitting device paclcage. comprising: a light 
emitting device; a conductive pad positioned outside the 
light emitting device and electrically connected to an ex- 
ternal power source; and at least one interconnection 
portion for connecting one or both faces of the light emit- 
ting device to the conductive pad. 
[0047] According to a fourth prefen-ed aspect of the 
present invention for achieving the object, there is pro- 
vided a method for manufacturing a light emitting device 
package, comprising : mounting a light emitting device 
having an electrode pad fomned on at least one of the 
top and bottom of the light emitting device on a substrate 
with a conductive pad formed thereon; fomning a light 
transmitting material film for sun-ounding the conductive 
pad and the light emitting device while exposing a portion 
of each of the conductive pad and the electrode pad 
formed on the at least one of the top and bottom of the 
light emitting device; and forming a conductive line 
formed along a surface of the light transmitting material 
film from the exposed portion of the conductive pad to 
the exposed portion of the electrode pad of the light emit- 
ting device. 

[0048] According to a fifth preferred aspect of the 
present invention for achieving the object, there is pro- 
vided a method for manufacturing a light emitting device 
package, comprising : bonding a light emitting device 
formed with a pair of electrode pads to a substrate with 
a pair of conductive pads formed thereon; fonming a light 
transmitting material film for sun-ounding the conductive 
pads and the light emitting device while exposing a por- 
tion of each of the pair of conductive pads and a portion 
of each of the pair of electrode pads; and forming a pair 
of conductive lines fomied along a surface of the light 
transmitting material film from the exposed portion of 
each of the pair of conductive pads to the exposed portion 
of each of the pair of electrode pads. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] The above and other objects, features and ad- 



vantages of the present invention will become apparent 
from the following description of preferred embodiments 
given in conjunction with the accompanying drawings, in 
which: 

5 

FIG. 1 isasectional view of a conventionallight emit- 
ting device package using wire bonding; 
FIG. 2 is a sectional view showing a state where light 
emitting devices are arrayed and packaged accord- 
to ing to a prior art; 

FIGS. 3a and 3b are sectional views schematically 
showing a state where a phosphor is applied to a 
conventional light emitting device package; 
FIG. 4 is a schematic sectional view of a light emitting 
IS device package according to a first embodiment of 
the present invention; 

FIG. 5 is a sectional view of a light emitting device 
package having a non-conductive substrate applied 
thereto in accordance with the first embodiment of 
20 the present invention; 

FIG. 6 is a sectional view of a light emitting device 
package having a conductive substrate applied 
thereto in accordance with the first embodiment of 
the present invention; 
25 FIGS. 7a to 7c are sectional views illustrating a proc- 
ess of manufacturing the light emitting device pack- 
age according to the first embodiment of the present 
invention; 

FIGS. 8a and 8b are sectional views illustrating an 
30 example of a process of fomning a light transmitting 
material film in accordance with the present inven- 
tion; 

FIGS. 9a and 9b are sectional views illustrating an- 
other example of a process of forming a light trans- 
35 mitting material film in accordance with the present 

invention; 

FIG. 1 0 is a schematic sectional view of a light emit- 
ting device package according to a second embod- 
iment of the present invention; 
40 FIGS. 11a to 11c are sectional views illustrating a 
process of manufacturing the light emitting device 
package according to the second embodiment of the 
present invention; 

FIG. 12 is a sectional view showing a state where 
45 light emitting devices are arrayed and packaged ac- 
cording to the present invention; 
FIG. 13 is a sectional view of a package for imple- 
menting a white light source by an-aying light emitting 
devices in accordance with the present invention; 
50 FIG. 14 is a sectional view of another package for 
implementing a white light source by an-aying light 
emitting devices in accordance with the present in- 
vention; 

FIG. 1 5 is aschematic sectional view showing a state 
55 where a phosphor is screen-printed on a light emit- 
ting device package accordingto a third embodiment 
of the present invention; 

FIG. 16 is sectional view of another light emitting 
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device package according to the third embodiment 
of the present invention; 

FIG. 1 7 is a plan view of a conventional laser lift-off 
GaN-based light emitting diode (LED) with a wire 
bonding portion existing thereon; 
FIGS. 18a to 18d are plan views showing a state 
where a conductive pad is positioned outside an LED 
portion according to the third embodiment of the 
present invention; 

FIGS. 19a to 19d are schematic views illustrating a 
process of manufacturing a high-performance laser 
lift-off light emitting device package provided with an 
interconnection portion according to the third em- 
bodiment of the present invention; and 
FIG. 20 is a graph illustrating an area ratio of a con- 
ductive pad to an entire area of a unit chip. 



DETAILED DESCRIPTION OF THE PREFERRED EM- 
BODIMENTS 

[00501 Hereinafter, prefen-ed embodiments of the 
present invention will be described in detail with refer- 
ence to the accompanying drawings. 
[0051] FIG. 4 is a schematic sectional view of a light 
emitting device package according to a first embodiment 
of the present invention. The light emitting device pack- 
age comprises : a substrate (200) with a conductive pad 
(210) formed thereon; a light emitting devtee (300) that 
is mounted on the substrate (200) and has electrodepads 
(301 . 302) respectively fomied on the top and bottom of 
the light emitting device (300); a light transmitting mate- 
nal film (400) surrounding the conductive pad (210) and 
the light emitting device (300) while exposing a portion 
of each of the conductive pad (210) and the electrode 
pad (301) fonmed on the top of the light emitting device 
(300); and a conductive line (500) fomied along a surface 
of the light transmitting material film (400) from the ex- 
posed portion of the conductive pad (21 0) to the exposed 
portion of the light emitting device (300). 
[0052] Here, it is preferred that the light transmitting 
material film (400) be made of a photosensitive material 
through whtoh light can be transmitted. 
[0053] Preferably, the photosensitive material is a pho- 
tosensitive material that can transmit almost all the light 
there through without absorbing red or infrared rays and 
is SU-8 polymer with superior themial and chemical re- 
sistances. 

[00S4J Further, a phosphor capable of perfonning 
wavelength conversion of light emitted from the light emit- 
ting device (300) may be dispersed in the light transmit- 
ting material film (400). 

[0055] In this case, light that is emitted from the light 
emitting device (300) and subjected to the wavelength 
conversion by the phosphor is mixed in color, thereby 
implanting a white light source. 
[0056] Further, it is prefen-ed thatthe light emitting de- 
vice (300) having electrode pads (301 , 302) respectively 
formed on the top and bottom thereof be a red or infrared 



light emitting device. 

[0057] IVIeanwhile, the light emitting device (300) is 
mounted on the substrate (200) using an adhesive (310) 
The adhesive 310 is preferably a conductive paste or 
s solder metal. 

[0058] In addition, the substrate (200) comprises a 
semiconductor substrate made of a semiconductor such 
as silicone, a non-conductive substrate, or a conductive 
substrate made of a conductive material such as metal 
'0 [0059] Further, itispreferredthatthelightemittingde- 
vice (300) be a light emitting diode (LED) comprising a 
semiconductor layer with a first polarity, an active layer, 
and a semiconductor layer with a polarity opposite to the 
first polarity. 

IS [0060] Furthemiore. the light transmitting material film 
(400) exposes a portion of each of the conductive pad 
(210) and the electrode pad (301) fomied on the top of 
the light emitting device (300). As shown in FIG. 4, the 
light transmitting material film (400) may be fonned as a 
» structure completely surrounding the conductive pad 
(210) and the light emitting device (300) or fonned only 
in regions located along the shortest distance from the 
conductive pad (21 0) to the electrode pad (301 ). 
[0061] Since both cases have their own advantage. 
25 the light transmitting material film may be freely designed.' 
[0062] Moreover, itisalsopreferredthatthelighttrans- 
mitting material film (400) be fomied on a portion of the 
light emitting device (300) and a phosphor film surround- 
ing the light transmitting material film (400) and the light 
30 emitting device (300) be further provided. 

[0063] FIG. 5 is a sectional view of a light emitting de- 
vice package having a non-conductive substrate applied 
thereto In accordance with the first embodiment of the 
present invention. If the substrate used in the structure 
3s of FIG. 4 Is substituted with a non-conductive substrate 
(201) as shown in FIG. 5, the light emitting device pack- 
age has a structure in which another conductive pad 
(21 1 ) is formed on an upper region of the non-conductive 
substrate (201 ) spaced apartfrom aconductive pad (21 0) 
^ connected to an electrode pad (301 ) of a light emitting 
device (300) through a conductive line (500). and an elec- 
trode pad (302) fonned beneath the light emitting device 
(300) IS bonded to the other conductive pad (211) using 
a conductive adhesive (311). 
15 [0064] FIG. 6 is a sectional view of a light emitting de- 
vice package having a conductive substrate applied 
thereto in accordance with the first embodiment of the 
present invention. If the substrate used in the structure 
of FIG. 4 is substituted with a conductive substrate (202) 
so the light emitting device package has a structure in whk:h 
an insulation film (250) is interposed between the con- 
ductive substrate (202) and a conductive pad (210) con- 
nected to an electrode pad (301 ) of a light emitting device 
(300) through a conductive line (500). and an electrode 
55 pad (302) fonned beneath the light emitting device (300) 
IS bonded to the conductive substrate (202) using a con- 
ductive adhesive (31 1). 

[0085] FIGS. 7a to 7c are sectional views illustrating a 
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process of manufacturing the light emitting device pack- 
age according to the first embodiment of the present in- 
vention. First, a light emitting device (300) with electrode 
pads (301. 302) respectively fomied on the top and bot- 
tom thereof Is mounted on a substrate (200) with a con- 
ductive pad (210) fomied thereon (FIG. 7a). 
[0066] Thereafter, a light transmitting material film 
(400) surrounding the conductive pad (21 0) and the light 
emitting device (300) is fonned while exposing a portion 
of each of the conducfive pad (210) and the electrode 
pad (301) fonned on the top of the light emitting device 

(300) (FIG. 7b). 

[0067] As will be described later, the light transmitting 
material film (400) is fomied by performing a process of 
coating a light transmitting material on the conductive 
pad (210) and the light emitting device (300) to fonn a 
film and selectively removing the film to expose the por- 
tions of the conductive pad (210) and the electrode pad 

(301 ) fomied on the top of the light emitting device (300). 
[0068] Subsequently, the conductive line (500) is 
formed along a surface of the light transmitting material 
film (400) from the exposed portion of the conductive pad 
(210) to the exposed portion of the electrode pad (301) 
of the light emitting device (300) (FIG. 7c). 
[0069] Here, the conductive line (500) is fomned when 
the exposed portions of the conductive pad (210) and 
the electrode pad (301) fonmed on the top of the light 
emitting device (300) are connected to each other using 
a conductive material. 

[0070] The conductive line (500) should make a con- 
nection with a unitomi thickness to decrease tolerance 
in view of intemal resistance or the like. 
[0071] Therefore, the conductive pad (210) and the 
electrode pad (301) of the light emitting device (300) are 
connected to each other using the conductive material 
through a lift-off or hard mask technique. 
[0072] In the lift-off technique, when the light transmit- 
ting material film (400) is made of a photosensitive ma- 
terial and the light transmitting material film (400) is se- 
lectively etched using an appropriate liquid solution after 
a conductive material has been deposited on the tight 
transmitting material film (400), the conductive material 
in which the light transmitting material film (400) has been 
etched is lifted off and removed. 
[0073] Therefore, the conductive pad (210) and the 
electrode pad (301) of the light emitting device (300) are 
connected to each other through the conductive material 
by means of the lift-off technique. 
[0074] Further, in the hard mask technique, a fixed 
frame is fomned to connect the conductive pad (210) and 
the electrode pad (301) of the light emitting device (300) 
to each other through a conductive material, and the con- 
ductive material is then sprayed onto the fomied frame. 
[0075] Therefore, the conductive pad (210) and the 
electrode pad (301 ) of the light emitting device (300) are 
connected to each other through the conductive material 
by means of the spraying. 

[0076] FIGS. 8a and 8b are sectional views illustrating 



an example of a process of forming a light transmitting 
material film in accordance with the present invention. 
To fomri the light transmitting material film (400) as shown 
in Fig 7b, a light transmitting material is first coated on a 

5 substrate (200) while surrounding the conductive pad 
(210) and the light emitting device (300). 
[0077] A film formed through coating of a light trans- 
mitting material is defined as a coating film (410). 
[0078] Further, when the light transmitting material is 

10 coated, a spray coating technique is used as shown in 
FIG. 8a. 

[0079] The spray coating technique is a technique ca- 
pable of performing uniform coating in a case where there 
is a large step in a substrate. 

15 [0080] That is, when the light emitting device (300) is 
bonded to the substrate (200), the height of a portion of 
the substrate to which the light emitting device (300) is 
bonded is remarkably high as compared with that of a 
portion of the substrate to which the light emitting device 

20 (300) is not bonded. 

[0081] Therefore, although it is considerably difficult to 
un'ifomnly coat the light transmitting material on an entire 
surface of the substrate (200), the spray coafing tech- 
nique enables the light transmitting material to be coated 

25 with a unifomn thickness on a structure where there is a 
large step therein, thereby reducing tolerance in view of 
intemal resistance. 

[0082] Thereafter, the coating film (410) is pattemed 
to expose a portion of each of the conductive pad (21 0) 
30 and the electrode pad (301 ) fomned on the top of the light 
emitting device (300) (FIG. 8b). 
[0083] Thus, the light transmitting material film (400) 
shown In FIG. 7b Is fonmed through the processes of 
FIGS. 8a and 8b. 
35 [0084] Meanwhile, the patterning is preferably made 
through a photolithography process. 
[0085] At this time, if the light transmitting material film 
(400) is a photosensitive material, the photolithography 
process can be more easily performed. 
40 [0086] For example, a mask is fomied on an upper 
surface of the photosensitive material and light is radiated 
thereon. Then, a portion of the photosensitive material 
on which light is radiated or not radiated can be easily 
removed using a substance of acetone or the like in ac- 
45 cordance with the property of the photosensitive material. 
[0087] That is, the portions of the conductive pad (21 0) 
and the electrode pad (301) of the light emitting device 
(300) are exposed by means of the etching. 
[0088] FIGS. 9a and 9b are sectional views illustrating 
50 another example of a process of fomriing a light transmit- 
ting material film in accordance with the present inven- 
tion. A light transmitting material film may be fomned ac- 
cording to the shapes of a conductive pad and a light 
emitting device as shown in FIG. 8a. Othenwise. a fiat 
55 film of which the top is flattened is fomned while surround- 
ing the conductive pad (21 0) and the light emitting devtee 
(300). thereby facilitating formation of a conductive line. 
[0089] That is. in this method, after the process of FIG. 
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7a, the light transmitting material film (420) of which the 
top is flattened and which surrounds the conductive pad 
(210) and the light emitting device (300) is formed (FIG 
9a). 

[00901 Then, a pair of trenches (401 , 402) are formed 
by removing portions of the light transmitting material film 
(400) from the top of the light transmitting material film 
(400) to the conductive pad (21 0) and the electrode pad 
(301) of the light emitting device (300), conductive ma- 
terials (511, 512) are respectively filled in the pair of 
trenches (401 , 402), and a process of fonning a conduc- 
tive layer (513) connectingthe conductive materials (511, 
512) Is perfonned (FIG. 9b). 

[0091] Thus, the conductive line comprises the con- 
ductive materials (51 1 , 512) respectively filled In the pair 
of trenches (401. 402). which have been formed by re- 
moving the portions of the light transmitting material film 
(400) from the top of the light transmitting material film 
(400) to the conductive pad (210) and the electrode pad 
(301) of the light emitting device (300); and the conduc- 
tive layer (513) formed on the light transmitting material 
film (400) to connect the conductive materials (51 1 , 512) 
to each other filled in the pair of trenches (401 , 402). 
[0092] FIG. 1 0 is a schematic sectional view of a light 
emitting device package according to a second embod- 
iment of the present invention. The light emitting device 
package of the second embodiment comprises a sub- 
strate (200) with a pair of conductive pads (210, 211) 
formed thereon; a light emitting device (350) mounted on 
the top of the substrate (200) and having a pair of elec- 
trode pads (351 , 352) fomied thereon; a light transmitting 
material film (400) for sun^ounding the conductive pads 
(210, 211) and the light emitting device (350) while ex- 
posing portions of the pair of conductive pads (210,211) 
and portions of the pair of electrode pads (351 , 352); and 
a pair of conductive lines (500a. 500b) formed along a 
surface of the light transmitting material film (400) from 
the exposed portions of the pair of conductive pads (210, 
2 1 1 ) to the exposed portions of the pair of electrode pads 
(351, 352), respectively. 

[0093] Here, if the substrate (200) is a conductive sub- 
strate, an insulation film is Interposed between the con- 
ductive pads (210. 21 1) and the substrate (200). 
[0094] Further, it is prefen-ed that the light emitting de- 
vice (350) be a green or blue light emitting device. 
[0095] FIGS. 11 ato 11c are sectional views illustrating 
a process of manufacturing the light emitting device pack- 
age according to the second embodiment of the present 
invention. As shown in FIG. 1 1a, a light emitting device 
(350) with a pair of electrode pads (351, 352) fomied 
thereon is bonded to the top of a substrate (200) with a 
pair of conductive pads (21 0. 21 1 ) thereon. 
[0096] Then, a light transmitting material film (400) sur- 
rounding the conductive pads (210, 211) and the light 
emitting device (350) is fomied while exposing portions 
of the pair of conductive pads (21 0. 21 1 ) and portions of 
the pair of electrode pads (351 . 352) (FIG. lib). 
[0097] Finally, a pair of conductive lines (501 , 502) are 



formed along a surface of the light transmitting material 
film (400) from the exposed portions of the pair of con- 
ductive pads (210, 211) to the exposed portions of the 
pair of electrode pads (351 , 352), respectively (FIG. 1 lc). 
5 [0098] FIG. 12 Is a sectional view showing a state 
where light emitting devices are arrayed and packaged 

according to the present invention. A plurality of light emit- 
ting devices (300a, 300b) with electrode pads (301 , 302; 
305, 306) fomied respectively on the top and bottorri 
10 thereof are bonded to correspond to a plurality of con- 
ductive pads (213b, 213c). 

[0099] At this time, the light emitting devices {300a. 
300b) are not bonded to a conductive pad (213a), and a 
light transmitting material film (400) surrounds the con- 
»5 ductive pads (213a, 213b, 213c) and the light emitting 
devices (300a, 300b) while exposing portions of the con- 
ductive pads (213a. 213b, 213c) and the electrode pads 
(301. 305) fomied respectively on the tops of the light 
emitting devices (300a, 300b). 
^0 [0100] Further, a conductive line (521 ) for connecting 
the conductive pad (21 3a) to which the light emitting de- 
vices (300a, 300b) are not bonded to the electrode pad 
(301) of the light emitting device (300a) adjacent thereto 
is fomied along a surface of the light transmitting material 
25 film (400), and a conductive line (522) for connecting the 
electrode pad (21 3b) with the light emitting device (300a) 
bonded thereto to the electrode pad (305) of the other 
light emitting device (300b) Is formed along a surface of 
the light transmitting material film (400). 
30 [0101] Therefore, itispossibletoimplementapackage 
in which two light emitting devices are connected in par- 
allel without using a wire bonding technique. 
[0102] FIG. 13 is a sectional view of a package for Im- 
plementing a white light source by arraying light emitting 
35 devices In accordance with the present invention. One 
light emitting device (300) with electrode pads (301 , 302) 
fonned respectively on the top and bottom thereof is 
packaged on a substrate (200) in the same manner as 
the first embgdiment. 
^0 [0103] Further, two light emitting devices (350, 360) 
each of which has a pair of electrode pads (351, 352; 
361 . 362) fonned thereon are packaged in the same man- 
ner as the second embodiment. 
[0104] The light emitting device 300 with the electrode 
^5 pads (301 . 302) formed respectively on the top and bot- 
tom thereof is a red light emitting device, and the light 
emitting devices (350. 360) each of which has the pair 
of electrode pads (351, 352; 361. 362) formed thereon 
are green and blue light emitting devices. 
50 [0105] Thus, it is possible to implement a package ca- 
pable of emitting white light, wherein red. green and blue 
light emitting devices are mounted on a substrate and 
these light emitting devices are electrically connected to 
one another without wire bonding. 
55 [0106] FIG. 1 4 is a sectional view of another package 
for implementing a white light source by arraying light 
emitting devices in accordance with the present inven- 
tion. Six conductive pads (214a, 214b. 214c, 214d. 214e, 
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21 4f ) are fonmed on a substrate (200), and a light emitting 
device (300) with electrode pads (301, 302) fomned re- 
spectively on the top and bottom thereof is mounted on 
the substrate (200) using the two conductive pads (21 4a, 
214b) and then packaged without wire bonding. 
[0107] Two light emitting devices (350, 360) each of 
which has a pair of electrode pads (351 , 352; 381 , 362) 
formed on the bottom thereof are flip-chip boned to the 
remaining fourconductive pads (21 4c, 21 4d, 21 4e, 21 40- 
[01081 Therefore, the three light emitting devices are 
packaged without using wires. If the two light emitting 
devices (350, 360), whfch are flip-chip bonded to the con- 
ductive pads, are green and blue light emitting devices, 
respectively, and the light emitting device (300), which 
is not flip-chip bonded, is a red light emitting device, it is 
possible to implement a package capable of emitting 
white light 

[0109] The following embodiment is a third enr^odi- 
ment of the present invention. A light emitting device 
package comprising a light emitting device; a conductive 
pad positioned outside the light emitting device and elec- 
trically connected to an external power source; and one 
or more interconnection portions for connecting the con- 
ductive pad to one or both faces of the light emitting de- 
vice, and a method for manufacturing the light emitting 
device package will be described below. 
[01 10] It is apparent that a package is also manufac- 
tured without wire bonding in the third embodiment of the 
present invention. 

[0111] FIG. 15 is a schematic sectional view showing 
a state where a phosphor is screen-printed on a light 
emitting device package according to athird embodiment 
of the present invention. If a package in which a plurality 
of light emitting devices are mounted on a substrate and 
• each of the light emitting devices is connected to a con- 
ductive pad through an interconnection portion (717) is 
formed, there is an advantage in that phosphors (718) 
can be applied at a time by means of screen printing as 
shown in FIG. 1 5, thereby reducing manufacturing costs 
and enabling mass production. 
[0112] In addition, reference numeral "71 9" in FIG. 15 
designates a transparent insulation film and is made of 
a material identical with or different from that of the light 
transmitting material film in the first and second embod- 
iments. 

[0113] Further, an insulation material that is substan- 
tially transparent with the naked eye and light can be 
transmitted therethrough is preferably formed into the 
transparent insulation film (719) in the third embodiment 
of the present invention. 

[0114] Furthermore, in the third embodiment of the 
present invention, the transparent insulation film is 
fonmed along a side of the light emitting device and ac- 
cording to the shape of an insulation film (720) formed 
on a substrate (71 0) from a portion of an n-ohmic contact 
metal Iayer(7l3), which is an upper electrode of the light 
emitting device, to an n-type conductive pad (71 5) formed 
on the substrate (710) as shown in FIG. 15. 



[0115] FIG. 16 is sectional view of another light emit- 
ting device package according to the third embodiment 
of the present invention. A pair of conductive pads, e.g., 
an n-type conductive pad (71 5) and a p-type conductive 
5 pad (716), exist on an insulation film (720) fomied In a 
plane of a substrate (710); and a p-type layer, an active 
layer and an n-type layer of an LED are sequentially 
fonned into a stack structure on the p-type conductive 
pad (716). 

10 [0116] At this time, a p-ohmic contact metal layer (71 2) 
is bonded to a surface of the p-type conductive pad ad- 
jacent to the p-type layer. 

[0117] A substrate generally known in the art may be 
used as a substrate (71 0) with the LED mounted thereon, 
IS and the substrate may be made of CuW. Si, AIN ceramic, 
AlgOg ceramic or the like. 

[0118] The size of the substrate may be larger than 
that of the LED, or largerthan or identical with asapphire 
substrate in a case where the LED is grown on the sap- 

20 phire substrate. 

[0119] The LED may be fomied by sequentially lami- 
nating the p-type layer (707), the active layer (706) and 
the n-type layer (705) using a lll-V group compound gen- 
erally known in the art as shown in FIG. 15, and nonlim- 

25 iting examples of the compound include GaAs, GaP, 
GaN, InP, lnAs,lnSb,GaAIN .InGaN, InAIGaN and a mix- 
ture thereof. 

[0120] Further, although the p-type and n-type layers 
may not be doped witti p-type and n-type dopants, they 

30 are preferably doped with the dopants. 

[0121] . Furthenmore, the active layer may be of a single 
quantum well or multiple quantum well (MQW) structure. 
[0122] The LED may comprise another buffer layer In 
addition to the aforementioned p-type layer, active layer 

35 and n-type layer. 

[0123] LEDs with a long wavelength to a short wave- 
length can be fabricated freely by adjusting the compo- 
nent of the lll-V group compound. Accordingly, the 
present invention is not limited to a blue nitride-based 

40 LED with a wavelength of 460nm but may be applied to 
all LEDs. 

[0124] An insulation film is fomned on a connection 
path between the n-ohmic contact metal layer(713) de- 
posited on the uppenmost layer of the LED and the n- 
45 type conductive pad (715) positioned outside the LED. 
and the interconnection portion for electrically connecting 
the n-ohmic contact metal layer(71 3) to the n-type con- 
ductive pad (715) IS fonned on the insulation film. 
[0125] Such a pair of conductive pads (715, 716) are 
50 electrically connected to a lead frame that is in turn con- 
nected to an extemal power source. 
[0126] The light emitting device package configured 
as above can be operated according to a principle that 
will be described below. 
55 [0127] That is, when a specific voltage is applied be- 
tween the pair of conductive pads (715, 716) through 
wires (709) connected to the external power source, a 
cathode is connected through the n-type conductive pad 
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(71 5) . the interconnection portion (71 7), the n-type ohmic 
contact metal layer(713) and the n-type layer, and an 
anode is connected through the p-type conductive pad 

(71 6) , the p-type ohmic contact metal Iayer(7l2) and the 
p-type layer so that a cun-ent can flow. 
[01 28] Accordingly, while electrons and holes are be- 
ing recombined in the active layer, light corresponding 
to a bandgap or an energy level difference of the active 
layer is emitted. 

[0129] Meanwhile, the interconnection portion (717) 
and a connection portion connected thereto, e.g., ar- 
rangement of the n-ohmic contact metal layer (713). the 
n-type conductive pad (715) and the p-type conductive 
pad (716), In the LED according to the present invention 
will be described with reference to FIGS. 17 and 18a to 
18d. 

[01301 F'G. 17 is a plan view of a conventional LED 
with wire bonding portions (722) existing thereon. 
[01311 It can be seen that there is a problem in that a 
vertical light emitting area is partially concealed due to 
the wire bonding portions existing on the LED as de- 
scribed above. 

[01 321 On the contrary. FIGS. 1 8a to 1 8d show a case 
where a conductive pad and a surface of an LED accord- 
ing to the present invention, preferably, a conductive pad 
and the ohmic contact metal layer (713) fomied on the 
LED are electrically connected to each otherthrough the 
interconnection portion (717). 
[01331 Actually, with the presence of the conductive 
pad outside the LED. a vertical light emitting area can be 
maximized, and it can also be expected that control of 
the number, location and the like of interconnection por- 
tions enables easiness of a manufacturing process, Im- 
provement of light extraction efficiency and the like.' De- 
scriptions thereof will be made as follows. 
[01341 FIG. 18a is a top plan view of a light emitting 
device, showing a case where a conductive pad is posi- 
tioned outside the LED in accordance with the third em- 
bodiment of the present invention. This figure shows a 
case where ohmic contact metals are deposited as two 
patterns that are not connected to each other on an n- 
type layer (705). transparent insulation films (719) are 
fomied on connection paths of interconnection portions 
(717) for connecting the ohmic contact metal and con- 
ductive pads to each other, and the interconnection por- 
tions (71 7) are placed at opposite sides of the ohmic con- 
tact metals of the respective patterns. 
[0135] Here, conductive pads connected to the inter- 
connection portions (717) are n-type conductive pads 
(715) in FIG. 18a. reference numeral "710" in FIG. 18a 
designates a substrate, and reference numeral 716 des- 
ignates a p-type conductive pad. 
[01361 At this time, the width of a wire (709) is about 
25^m. If the diameter of a ball produced in wire bonding 
is about 100|im, the conductive pad on which the ball is 
produced, e.g.. the n-type pad (71 5), should have a size 
of at least lOOxlOO^m. 

[01 371 W a wire bonding portion exists on the top of an 



LED as in the prior art, an area of at least lOOx lOOjtm 
shields vertical light emission. On the contrary, since a 
much smaller area is consumed in the LED using the 
interconnection portions (717) according to the present 
5 invention, a light shielding area is decreased. 

[0138] FIG. 18b shows a modification example of the 
present invention, and is a plan view showing a case 
where ohmic contact metal layers are deposited as two 
pattems that are not connected to each other on an n- 
^0 type layer (705). transparent insulation films (719) are 
fonned on connection paths of Interconnection portions 
(71 7) for connecting the ohmic contact metal and a con- 
ductive pad to each other, and the Interconnection por- 
tions (71 7) are placed at one sides of the ohmic contact 
^5 metals of the respective pattems. 

[0139] If the conductive pad is positioned at one side 
rather than opposite sides as described above, a spatial 
margin can be greatly reduced in a process of arranging 
a conductive pad and a unit chip, thereby facilitating an 
^ operation. 

[0140] Further, if one interconnection portion (717) is 
used, light may be non-unifomily distributed due to a volt- 
age drop in a case where the resistance of an n-ohmic 
contact metal (713) is large. On the contrary, the use of 
25 a plurality of interconnection portions (71 7) can exhibits 
an advantage of prevention of the non-uniform distribu- 
tion of light. FIG. 1 8c shows another modification exam- 
ple of the present invention, and Is a top plan view show- 
ing a case where an ohmic contact metal layer is formed 
30 of one pattern on an n-type layer (705) and the ohmic 
contact metal layer and only one interconnection portion 
(717) are formed. 

[0141] In a case where the upper area of an LED Is 
small. It Is desirable to reduce a concealed area by de- 

35 creasing the number of interconnection portions (717). 
Thus, a device should be driven by depositing an n-ohmic 
contact metal (713) with a sufficiently large thickness. 
[0142] To this end, the n-ohmIc contact metal layer 
(713) should be formed to define a unit. 

"fo [0143] When the resistance of a metal itself is small, 
a voltage drop is small so that a device can be driveri 
with a desired cun-ent. Thus, the n-ohmic contact metal 
layer(713) should be deposited with a sufficiently large 
thickness. 

^5 [0144] However, since a high-performance LED has a 
larger upper area, there is limitation on prevention of a 
voltage drop in driving the LED using only one intercon- 
nection portion (717) even though the n-ohmic contact 
metal layer(713) is deposited to have a larger thickness. 

50 [0145] Therefore, it is prefen-ed that two or more inter- 
connection portions (717) be fomied and the intercon- 
nection portions (71 7) and the n-ohmic contact metal lay- 
er(713) be an-anged such that the upper area is con- 
cealed as little as possible. 

55 [0146] FIG. 18d shows a further modification example, 
and is a plan view showing a case where before deposi- 
tion of an ohmic contact metal, a transparent insulation 
film (719) is formed on a connection path between an 



17 



EP 1 724 848 A2 



18 



interconnection portion for connecting an ohnnic contact 
metal layer and a conductive pad. and the interconnec- 
tion portion (71 7) and the ohr contact metal layer are 
simultaneously formed. It It- interconnection portion 
(717) and the ohmlc contact metai layer are simultane- 
ously formed in this manner, process steps are simplified, 
resulting in an advantage of cost reduction. 
[0147] Here, the ohmtc contact metal layer refers to 
the n-ohmic contact metal layer(713) in FIG. 18d. 
[01 48] The light emitting device package according to 
the third embodiment of the present invention does not 
have limitations on a manufacturing method, an output 
method and the wavelength range of emitted light. 
[01 49] Thus, although a light emitting device package 
of the present invention may be manufactured according 
to a variety of methods, a method for manufacturing the 
light emitting device package according to the third em- 
bodiment of the present invention inay comprise the 
steps of: (a) fomiing at least one conductive pad on a 
substrate; (b) bonding a fabricated LED on the substrate; 
and (c) fomning at least one conductive interconnection 
portion for electrically connecting one or both faces of 
the LED to the conductive pad. 

1) At least one, preferably two or more conductive 
pads are first bonded or deposited at properly se- 
lected locations on a substrate such as a submount. 

2) An LED in which an n-type layer, an active layer 
and a p-type layer are laminated on a first substrate 
such as a sapphire substrate is bonded to a second 
substrate. 

At this time, in case of a low output LED, it is bonded 
while the laminated order of an LED portion Is main- 
tained In a state where the first substrate Is adjacent 
to the second substrate. 

Further, in case of a high output or laser lift-off type 
LED device, it is bonded in a state where an LED 
portion is inverted, i.e., the surface of the LED portion 
is bonded to a front surface of the second substrate. 
Furthenmore, in case of a low output LED device, an 
LED portion is bonded in a state where it is grown 
on the first substrate, e.g., a sapphire substrate. In 
case of a laser lift-off type LED device, an LED por- 
tion grown on a sapphire substrate is.bonded in re- 
versed order and the sapphire substrate is then sep- 
arated by means of laser in-adiation. 
Thus, the sapphire substrate does not exist within a. 
final LED device. 

As for a substance available upon bonding of an LED 
to the second substrate, the substance should sup- 
ply a cun-ent to the LED and easily dissipate heat 
generated from the LED therethrough. Thus, a sub- 
stance that can be easily bonded at a low tempera- 
ture of 300*C or less may be used without limitation. 
Nonlimiting examples thereof include AuSn. AgSn, 
PbSn, Sn, silver paste, and the like. 
3) To electrically connect the conductive pad and an 
ohmic contact nietal layer formed on one or both 



faces of the LED. preferably the surface of the LED. 
which exist in the same plane on the second sub- 
strate, at least one Interconnection portion made of 
a conductive metal is formed by means of thin film 
5 deposition pattemlng. 

[01 50] For reference, it is proper to form a transparent 
insulation film on the same connection path as the inter- 
connection portion before the formation of the intercon- 
10 nection portion, and to cause the width of the insulation 
film to be equal to or greater than that of the interconnec- 
tion portion. 

[0151] At this time, convex and concave portions may 
be formed on the surface of the LED so that a large 
15 amount of light can escape therefrom by increasing a 
total reflection angle. 

[01 52] Further, in a case where an ohmic contact metal 
is deposited on the surface of the LED. one or two or 
more discrete patterns may be fomied as shown In FIGS. 

20 i8ato18d. 

[0153] Furthenmore, the ohmic contact metal may be 
implemented using not only a photolithography process 
but also a shadow mask, and these implementation tech- 
niques can be appropriately selected depending on the 

25 width of a wire. 

[0154] In the light emitting device package provided 
with at least one interconnection portion according to the 
third embodiment of the present invention, the steps of 
performing wire bonding for connecting a conductive pad 

30 to an extemal power source, e.g., a lead frame and then 
applying a phosphor solely or a mixture with a phosphor 
and a molding material mixed therein may be perfomied 
In this order or vise versa. 

[0155] Further, after the steps have been performed. 

35 the LED bonded to tiie second substrate may be sepa- 
rated into unit chips, or an LED separated into unit chips 
may be bonded to the second substrate. 
[0156] Such a unit chip separation step is not limited 
to the foregoing but may be appropriately arranged in 

40 consideration of a user's intention or easiness of a man- 
ufacturing process. 

[0157] Meanwhile, another method for manufacturing 
the light emitting device package using an interconnec- 
tion portion according to the third embodiment of the 
45 present invention may include a laser lift-off (LLO) meth- 
od. 

[0158] As an example thereof, the method may com- 
prise the steps of: (a) depositing a p-ohmic contact metal 
on a p-type layer of an LED grown on a first substrate; 
50 (b) processing a rear surface of the first substrate; (c) 
separating the first substrate on which the LED has been 
grown into unit chips; (d) bonding a surface of the p-ohmic 
contact metal layer of each of the unit chips obtained 
through the separation of the first substrate to a first con- 
55 ductive pad of two or more conductive pads formed on 
a second substrate; (e) in^diating a laser on a substrate 
surface of each of the unit chips bonded to the second 
substrate to remove the first substrate; (f) depositing an 
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n-ohmic contact metal on an n-type layer of the LED ex- 
posed while the first substrate is being removed; (g) form- 
ing an insulation film on a path connecting a surface of 
the n-ohmic contact metal and a second conductive pad 
positioned on the second substrate, and forming at least s 
. one conductive interconnection portion for connecting 
the surface of the n-ohmic contact metal and the second 
conductive pad ; and (h) wire bonding each of the first 
and second conductive pads to an external power 
source, and applying a phosphor or performing treatment io 
with a moldi ng material having the phosphor mixed there- 
in. 

[01 591 At this time. FIGS. 1 9a to 1 9d show a portion 
of processes of manufacturing the laser lift-off LED, 
wherein a first substrate, e.g., a sapphire substrate, is is 
entirely bonded to a second substrate and the sapphire 
substrate is then removed by means of laser irradiation. 
The respective processes are as follows. 

(1 ) P-type ohmic contact formation (see FIG. 1 9a) 20 



(710), it is prefen-ed that they be periodically arranged at 
an interval of about a few hundred micrometers therebe- 
tween in consideration of a subsequent dicing process 
for the substrate (710) (see FIG. I9b). 

(5) Laser in-adiation (see FIG. 19c) 

[0165] A laser is in-adiated onto the sapphire substrate 
surface of each of the chips to remove the sapphire sub- 
strate. 

[0166] If a laser is In-adiated, a laser beam that has 
transmitted the sapphire substrate Is absorbed by a light 
emitting portion, e.g., GaN, and GaN at an interface be- 
tween the sapphire and GaN is decomposed. Thus, metal 
gallium and nitrogen gas are produced so that the sap- 
phire substrate can be separated from the LED crystal 
structure. 

(6) Fomiatlon of n-type ohmic contact metal (see FIG 
19d) 



[0160] A wafer in which an LED, e.g., a GaN based 
LED crystal structure, has been grown on a sapphire sub- 
strate (708) is initially cleaned. Then, a p-type ohmic con- 
tact metal is formed on an upper p-type GaN surface of 
the wafer by means of vacuum deposition, and heattreat- 
ment is performed to complete a p-type ohmic contact 
metal. 

(2) Polishing treatment of surface of sapphire substrate 

[0161] To forni a mirror surface enabling laser light to 
easily transmit the sapphire substrate, a surface of the 
sapphire substrate with a thickness of about 430^m is 

pollshedsuchthatthethlcknessofthesapphiresubstrate 
is about 80 to lOOjim. 



(3) Unit chip fonnation 

[0162] Before the sapphire substrate is bonded to or 
separated from a submount substrate, it is separated into 
unit chips through scribing/breaking treatment. 

(4) Bonding of submount substrate (see FIG. 1 9b) In case 
of a high output LED. a submount substrate is used to 
enhance heat dissipation efficiency. At this time, an in- 
sulation film (720) is deposited on a substrate (710) to 
prevent a short, and conductive pads, e.g., an n-type 
conductive pad (71 5) and a p-type conductive pad (71 6), 
are formed on the insulation film (720). 

[0163] The unit chip in which the sapphire substrate 
has been polished Is inverted such that the sapphire sub- 
strate faces upward, and a surface of the p-type ohmic 
contact metal of the LED is boned to the submount sub- 
strate or the p-type conductive pad thereon using an ad- 
hesive. 

[01 64] When the unit chips are bonded to the substrate 



[0167] A polishing or dry (or wet) etching process Is 
performed on a surface of the n-type layer, preferably n- 
GaN. exposed while the sapphire substrate is being re- 
25 moved, if necessary, and the n-type ohmic contact metal 
(713) Is then deposited thereon. 
[0168] At this time, the metal gallium produced upon 
decomposition of GaN exists on the surface of the ex- 
posed GaN. 

30 [0169] Since such a metal gallium layer on the surface 
reduces light emitted from the LED, it is removed with 
hydrochloric acid, and an undoped-GaN layer is then 
etched to expose an n*-GaN layer by performing a dry 
(or wet) etching process If necessary. If necessary, a 
35 metal (e.g., Ti/Al based metal) for n-ohmic contact for- 
mation may be vacuum deposited. 

(7) Fonnatlon of Interconnection portion 

^0 [0170] A transparent insulation film is formed on a con- 
nection path between the exposed n-type layer that is 
the uppermost layer of the LED and the n-type conductive 
pad positioned on the conductive substrate, preferably 
between the n-ohmic contact metal layer and the n-type 

^5 conductive pad. at least one interconnection portion is 
then formed through deposited thin film patterning using 
a conductive metal. 

(8) Wire bonding and molding material treatment (phos- 
^ phor application) 

[0171] To connect the n-type conductive pad to an ex- 
ternal powersource. e.g.. a lead frame, gold wire bonding 
IS performed. Likewise, the p-type conductive pad is also 
55 connected to the external power source through wire 
bonding. 

[0172] At this time, the connection of the n-type con- 
ductive pad to the external power source may be made 
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by means of thin film deposition patterning. 

(9) Phosphor application or molding material treatment 

[0173] Thereafter, a molding material such as epoxy 
or a material with a phosphor mixed therein is applied to 
complete manufacture of an LED package. Steps (8) and 
(9) may be perfonned in reverse order, if necessary. 
[01 741 Although the above description has been made 
in connection with a high output LED. the present inven- 
tion may be applied to a low output LED. 
[01751 As an example of a method for manufacturing 
a light emitting device package having such a low output 
LED applied thereto, the method may comprise the steps 
of: (a) etchingan LED grown on afirstsubstrateto expose 
an n-type layer of the LED and depositing an n-ohmic 
contact metal thereon; (b) depositing a p-ohmic contact 
metal on a p-type layer that is at the top of the LED; (c) 
processing a surface of the first substrate and separating 
the first substrate into unit chips; (d) bonding the first 
substrate surface of each of the separated unit chips on 
a second substrate formed with a conductive pad portion; 
(e) fonming an insulation film on a path connecting a sur- 
face of the p-ohmic contact metal and the conductive pad 
portion positioned on the second substrate, and forming 
at least one conductive interconnection portion connect- 
ing the surface of the p-ohmc contact metal to the con- 
ductive pad portion ; and (f) wire bonding the conductive 
pad portion to an external power source and applying a 
phosphor or perfomiing molding material treatment with 
the phosphor mixed therein. 

[01761 At this time, the step of separating the first sub- 
strate into the unit chips may be performed in property 
changed order to promote easiness of a manufacturing 
process and simplification of a process. 
[0177] The methods for manufacturing the light emit- 
ting device package according to the third embodiment 
of the present invention are merely preferred manufac- 
turing examples. Accordingly, the present invention is 
not limited thereto. 

[0178] The light emitting device of the present inven- 
tion includes a typical LED known in the art. e.g., a blue 
GaN based LED, as well as other light emitting devices 
capable of emitting light of all wavelengths. Preferably, 
the light emitting device is a white LED device for which 
phosphor application is required. 
[01791 Further, the methods can be applied to all LED 
devices including low output type LED devices, high out- 
putf lip type LED devices, and LED devices manufactured 
through a laser lift-off technique or other techniques. 
[0180] Furthermore, the present invention provides a 
light emitting apparatus including an LED device having 
the aforementioned structure and manufactured accord- 
ing to the aforementioned methods. 
[0181] The light emitting apparatus includes all light 
emitting apparatuses having an LED device, such as 
lighting apparatuses, indicators, bactericidal lamps, and 
displays. 



[0182] FIG. 20 is a graph illustrating an occupation ra- 
tio of the area of a wire bonding pad depending on chang- 
es in the area ot a chip. This figure shows calculation 
results of the shielded amount of vertically emitted light 

5 when a wire bonding pad exists on the top of an LED. 
[0183] In FIG. 20. since there is little difference be- 
tween the area of a wire shielding vertically emitted light 
when wire bonding is performed directly on the top of an 
LED and the shielding area of an interconnection portion 

10 In case of a structure using the interconnection portion, 
the difference of the two factors is not considered 
[01 84] The number of wire bonding pads (conductive 
pads) varies from 1 to 10, and conditions in which an 
area ratio of a pad to an entire area is less than 3% and 

15 a chip has an areaof 1 xlmm2 or more, whteh is generally 
applied to a high output LED, are considered. 
[0185] In a 1 xlmm^ chip, if the number of pads is 3 
or less, the area ratio of less than 3% is satisfied. If the 
number of pads is 4 or more, the area ratio becomes 3% 

20 or more. 

[0186] Actually, in a 1 x 1 mm^ chip, two bonding pads 
allow current driving to be sufficiently perfomned in the 
arrangement of the ohmic contact metal shown in FIG. 
18a, and the condition of the area ratio of less than 3% 

25 can be satisfied with three or less bonding pads. Thus, 
the device can be driven with two or three bonding pads. 
[0187] However, if the area of a chip is 4mm2 or more, 
an area ratio at which bonding pads occupy is less than 
3% even though the number of bonding pads is 10. 

30 Therefore, the effect of shielding vertically emitted light 
is not large. If an area ratio smaller than 3% is required, 
it is appropriate to adjust the number of bonding pads to 
be fonned In accordance with FIG. 20. 
[0188] As described above, in the light emitting device 

35 package according to the third embodiment of the 
present invention, a conductive pad for wire bonding is 
positioned outside an LED and one or both faces of the 
LED are electrically connected to the conductive pad, 
contrary to the priorartin which wire bonding is performed 

40 directly to an ohmic contact metal layer positioned on the 
top of an LED. 

[0189] As described above, such a connection struc- 
ture has been refen-ed to as an "interconnection portion" 
in the third embodiment of the present invention and is 
45 a kind of conductive line as in the first and second em- 
bodiments. 

[0190] Advantages obtained from the aforementioned 
structural features of the light emitting device according 
to the third embodiment of the present invention are as 
50 follows. 

1 ) A conventional LED is finally fabricated to have a 
structure in which a wire bonding portion exists on 
the top of the LED as shown in FIGS. 3a and 3b by 
55 perfonming wire bonding directly on an ohmic contact 
metal layer existing on the top of the LED. 
Due to the wire bonding portion existing on the top 
of the LED in such a manner, it is difficult to perform 
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a subsequent operation for unifomily applying a 
phosphor with a small thickness, and the phosphor 
Is fonried In a spherical shape due to surface tension 
of epoxy or silicone so that there Is difference in a 
travel distance of light passing through the phosphor. 
Thus, the amount of light absorbed by the phosphor 
varies, resulting in ununrformity of a colorand reduc- 
tion of light output. 

Further, difference in the absorption by the phosphor 
maybe reduced by applying the phosphor in the form 
of a thin film as shown in FIG. 3b. Since the position 
of the wire bonding pad rs not basically changed but 
is on the top of the LED. however, the application of 
the phosphor appliance is still difficult and costs re- 
quired for the application and difficulty of a process 
are increased. 

On the contrary, since the position of a wire bonding 
portion itself is basically moved outside an LED por- 
tion in the present invention, a phosphor can be ap- 
plied as a thin film on the top of the LED portion, and 
accordingly, light loss in the phosphor can be mini- 
mized. 

2) Further, since a three-dimensional obstacle due 
to wire bonding Is removed from the surface of an 
LED, a phosphor can be simultaneously applied to 
unit chips regularly arranged on a substrate by 
means of a method such as screen printing. Thus, 
economical efficiency can be improved through re- 
duction of manufacturing costs and mass produc- 
tion. 

3) Furthermore, an area where vertically emitted light 
is absorbed can be reduced to basically improve light 
extraction efficiency of a light emitting diode In the 
third embodiment of the present Invention. 

[0191] In addition, the Interconnection portion In the 
. third embodiment of the present invention serves as wir- 
ing for electrical connection and preferably has the shape 
of a thin film deposited by means of patterning. If a ma> 
terial fomriing the interconnection portion is a conductive 
material, specific examples thereof include, but not lim- 
ited to. Ag, Cu. Au. Al, Ti, Ni. Cr, Rh, Ir, Mo. W. Co. Zn, 
Cd, Ru, In, Os, Fe, Sn and a mixture (alloy) thereof. 
[01921 The interconnection portion Is a portion of an 
electrical connection line existing within an LED. One end 
of the interconnection portion is connected to a conduc- 
tive pad positioned outside the LED and the other end 
thereof is connected to one or both faces of the LED. 
preferably the top of the LED. 

[0193J In addition, the conductive pad connected to 
the interconnection portion In the third embodiment of 
the present Invention may be connected through a wire 
to an external power source, e.g., a lead frame. Further, 
connection of the conductive pad to the external power 
source through a feature similar to the interconnection 
portion, i.e., a patterned feature of a deposited thin film, 
ratherthan a wire also falls within the scope of the present 
invention. 



[0194] Furthennore. the conductive pad may exist out- 
side the LED, e.g., on the same substrate on which the 
LED is bonded. If possible, two or more conductive pads 
preferably exist A material forming the conductive pad 
5 Is not limited to a specific material but may be any m'aterial 
so far as it has conductivity. The conductive pad is pref- 
erably made of Au.Ag.Cu, Al. Cr.Ti, Ni. In. Ptora mixture 
thereof. 

[0195] Moreover, the substrate on which the conduc- 
10 tive pad is positioned may have conductivity, and the 
conductive pad is electrically insulated from the conduc- 
tive substrate through an Insulation film formed on the 
substrate. 

[0196] One face of the LED may be electrically con- 
's nected to the conductive pad through the foregoing in- 
terconnection portion and the other face of the LED bond- 
ed to the substrate may be electrically connected to the 
external power source. At this time, the other face of the 
LED may be electrically connected to a wire through an- 
20 other conductive pad adjacent to the bottom of the LED 
and subsequently to the external power source. 
[0197] An insulation film should be formed on a con- 
nection path where the surface of the LED and the con- 
ductive pad are connected to each other through the in- 
25 terconnection portion, thereby preventing an electrical 
short. In fomiing the interconnection portion on the insu- 
lation film, it is appropriate not to fonn the insulation film 
on a contact portion of the LED connected to the inter- 
connection portion, so that the Interconnection portion 
30 can be connected to the LED. 

[0198] Further, the Insulation film in the third embodi- 
ment of the present invention preferably has transparen- 
cy to minimize absorption of light emitted through side 
and top faces of the LED. As for an available component 
35 of the insulation film, there is no limitation thereon so far 
as the component has non-conductivity and transparen- 
cy. For example, the component Includes SiOo. SIN- and 
the like. 

[0199] Furthennore. although there is no specific lim- 
^0 itation on the widths of the insulation film and the inter- 
connection portion, rt is preferred that the width of the 
Insulation film be larger than that of the interconnection 
portion and the width of the Interconnection portion be 
smaller than that of a wire. 
45 [0200] Preferably, one or both faces of the LED, pref- 
erably a surface of the LED connected through the Inter- 
connection portion in thethird embodiment ofthe present 
invention Is a surface that is not adjacent to the substrate 
when the LED Is mounted on the substrate. 
^ [0201 ] Partlculariy, the surface of the LED is preferably 
connected to an ohmic contact metal layer to improve 
light emitting efficiency through resistance reduction. 
[0202] At this time, the ohmic contact metal layer may 
be an n-ohmic contact metal layer or p-ohmic contact 
55 metal layer in accordance with methods for manufactur- 

ingLEDs.e.g..amethodformanufacturingalow/medlum 
output type LED, a method for manufacturing a high out- 
put type LED. a laser lift-off method, and the like. Further, 
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the ohmic contact metal layer may be fomied of one. or 
two or more discrete patterns, and each of the patterns 
may be connected to at least one interconnection portion. 
[0203] A typical metal known in the art, e.g.. Ni. Au, Pt 
or the like, can be used tor the ohmic contact metal layer, 
and a metal layer of Ag, Al, Cr or the like may be addi- 
tionally used to reflect light. If necessary, a metal layer 
may be further added to improve bonding. 
[0204] Moreover, in the LED having at least one con- 
ductive interconnection portion according to the third em- 
bodiment of the present invention, a layer made of solely 
a phosphor or a mixture a molding material and a phos- 
phor may be fonned on a portion or entire of the surfaces 
of the LED and interconnection portion. 
[0205] Further, a phosphor layer may also be fonmed 
on a portion or entire of the surface of the conductive 
pad, and is preferably fonned on a portion of the surface 
of the conductive pad to facilitate wire bonding to an ex- 
ternal power source. If the phosphor layer is formed on 
the entire of the surface of the conductive pad. wire bond- 
ing may be perfomned by fomning a hole. 
[0206] As described above, the present invention has 
advantages in that a light emitting device is electrically 
connected to other devices without use of wire bonding, 
thereby saving a space for wire bonding and reducing 
the size of a package. 

[0207] Further, the present invention has an advan- 
tage in that a short or discon nection caused by wire bond- 
ing is reduced, resulting in improved reliability of a pack- 
age. 

[0208] Furthermore, there are advantages in that a 
light transmitting material film is coated on a substrate 
with a light emitting device mounted thereon so that an 
additional passivation film capable of protecting the light 
emitting device cannot be required, and wire bonding is 
not required so that manufacturing costs can be reduced 
and mass production can be made. 
[0209] Moreover, the present invention has advantag- 
es in that there is no wire in a light emitting device by 
using a conductive interconnection portion so that a 
phosphor can be easily and unifomnly applied, and an 
area where vertically emitted light is absortjed can be 
reduced so that light extraction of a device can be en- 
hanced. 

[0210] Although the present invention has been de- 
scribed in detail in connection with the specific embodi- 
ments, it will be readily apparent to those skilled in the 
art that various modif ications and changes can be made 
thereto within the technical spirit andscope of the present 
invention. It is also apparent that the modifications and 
changes fall within the scope of the present invention 
defined by the appended claims. 



Claims 

1 . A light emitting device package, comprising: 



a substrate with a conductive pad fonmed ther- 
eon; 

a light emitting device mounted on the substrate 
and having an electrode pad f omned on at least 
5 one of the top and bottom of the light emitting 

device; 

a light transmitting material film for surrounding 
the conductive pad and the light emitting device 
while exposing a portion of each of the conduc- 
10 tive pad and the electrode pad fomied on the at 

least one of the top and bottom of the light emit- 
ting device; and 

a conductive line fonned along a surface of the 
light transmitting material film from the exposed 
15 portion of the conductive pad to the exposed por- 

tion of the electrode pad of the light emitting de- 
vice. 

2. The light emitting device package as claimed in claim 
20 1 , wherein the substrate is a non-conductive sub- 
strate, and 

another conductive pad is f omned on an upper region 
of the non-conductive substrate spaced apart from 
the conductive pad. 

The light emitting device package as claimed in claim 
1 , wherein the substrate is a conductive substrate, 
and 

an insulation film is further interposed between the 
30 conductive pad and the conductive substrate. 

4. The light emitting devtoe package as claimed In claim 
1 , wherein the light emitting device Is a device emit- 
ting red or Infrared rays. 
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35 

5. A light emitting device package, comprising: 

a substrate with a pair of conductive pads 

formed thereon; 
40 a light emitting device mounted on the substrate 

and having a pair of electrode pads fonmed on 

the top of the light emitting device; 

a light transmitting material film for sun-ounding 

the conductive pads and the light emitting device 
45 while exposing a portion of each of the pair of 

conductive pads and a portion of each of the pair 

of electrode pads; and 

a pair of conductive lines fomied along a surface 
of the light transmitting material film from the ex- 
50 posed portion of each of the pair of conductive 

pads to the exposed portion of each of the pair 
of electrode pads. 

6. The light emitting device package as claimed in claim 
55 5, wherein the light emitting device is a green or blue 

light emitting device. 

7. The light emitting device package as claimed in any 
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one of claims 1 to 6, wherein the light transmitting 
material film is made of a photosensitive substance 
through which light can be transmitted. 

8. The light emitting device package as claimed In any 5 
one of claims 1 to 6. wherein a phosphor for convert- 
ing the wavelength of light emitted from the light emit- 
ting device is dispersed in the light transmitting ma- 
terial film. 
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9. The light emitting device package as claimed in any 
one of claims 1 to 6, wherein the light transmitting 
material film Is fonned to conform to the shapes of 
the conductive pad and the light emitting device. 

10. The light emitting device package as claimed in claim 
1, wherein the light transmitting material film has a 
flat upper portion and surrounds the conductive pad 
and the light emitting device, and 
the conductive line comprises: 20 

a conductive material filled in a pair of trenches 
fonned by removing portions of the light trans- 
mitting material film from the top of the light 
transmitting material film respectively to the con- 25 
ductive pad and the electrode pad of the light 
emitting device, and 

a conductive layer fonned on the top of the light 
transmitting material film to connect the conduc- 
tive material filled In the pair of trenches to each 3o 
other. 

1 1 . The light emitti ng device package as claimed in claim 
1, wherein the light transmitting material film Is 
fomied on a region located at the shortest distance 35 
from the conductive pad to the electrode pad. 

12. The light emitting device package as claimed in any 
one of claims 1 to 6. wherein the light transmitting 
material film is partially formed only on a region of 4o 
the light emitting device, and the light emitting device 
package is further provided with a phosphor film for 
surrounding the light transmitting material film and 
the light emitting device. 

45 

13. A light emitting device package, comprising: 

a light emitting device; 

a conductive pad positioned outside the light 
emitting device and electrically connected to an so 
external power source; and 
at least one interconnection portion for connect- 
ing one or both faces of the light emitting device 
to the conductive pad. 

55 

14. The light emitting device package as claimed in claim 
13, wherein the interconnection portion is formed by 
means of thin film deposition patterning. 



1 5. The light emitting device package as claimed in claim 
1 3 or 1 4. wherein the interconnection portion is made 
of at least one metal selected from the group con- 
sisting of Ag, Cu, Au. Al, Tl. Ni, Cr. Rh. Ir. Mo W 
Co. Zn, Cd. Ru. In. Os, Fe and Sn. 

1 6. The light emitting device package as claimed in claim 
13 on 4. wherein an insulation film is fomied on a 
connection path where a surface of a light emitting 
diode portion and a conductive pad portion are to be 
connected through the interconnection portion, the 
interconnection portion is formed on the insulation 
film, and a contact portion of the light emitting diode 
portion connected to the interconnection portion Is 
electrically connected. 

17. A method for manufacturing a light emitting device 
package, comprising the steps of: 

mounting a light emitting device having an elec- 
trode pad formed on at least one of the top and 
bottom of the light emitting device on a substrate 
with a conductive pad formed thereon; 
forming a light transmitting material filrn for sur- 
rounding the conductive pad and the light emit- 
ting device while exposing a portion of each of 
the conductive pad and the electrode pad 
formed on the at least one of the top and bottom 
of the light emitting device; and 
forming aconductive line fonned along a surface 
of the light transmitting riiaterial film from the ex- 
posed portion of the conductive pad to the ex- 
posed portion of the electrode pad of the light 
emitting device. 

18. The method as claimed in claim 1 7, wherein the light 
transmitting material film is fonned by coating a light 
transmitting material on the conductive pad and the 
light emitting device to fonn a film and selectively 
removing the film to expose a portion of each of the 
conductive pad and the electrode pad formed on the 
top of the light emitting device. 

19. The method as claimed In claim 18, wherein the film 
is fonned by means of a spray coating method. 

20. The method as claimed in claim 1 7. wherein the step 
of forming the light transmitting material film com- 
prises the steps of: 

fonning a flat film having a flat upper portion and 
sun'ounding the conductive pad and the light 
emitting device; 

forming a pair of trenches by removing portions 
of the flat film from the top of the fiat film respec- 
tively to the conductive pad and the electrode 
pad of the light emitting device; and 
filling the pair of trenches with a conductive ma- 
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terial and forming a conductive layer for con- 
necting the conductive material filled in the 
trenches to each other. 



21. A method for manufacturing a light emitting device 
package, comprising the steps of: 

bonding a light emitting device fonned with a 
pair of electrode pads to a substrate with a pair 
of conductive pads fonned thereon; 
fomiing a light transmitting material film for sur- 
rounding the conductive pads and the light emit- 
ting device while exposing a portion of each of 
the pair of conductive pads and a portion of each 
of the pair of electrode pads; and 
fonming a pair of conductive lines formed along 
a surface of the light transmitting material film 
from the exposed portion of each of the pair of 
conductive pads to the exposed portion of each 
of the pair of electrode pads. 

22. The method as claimed in claim 17 or 21, wherein 
the light transmitting material film is made of a pho- 
tosensitive substance through which light can be 
transmitted. 



23. The method as claimed in claim 1 7. wherein a phos- 
phor for converting the wavelength of light emitted 
from the light emitting device is dispersed in the light 
transmitting material film. 

24. The method as claimed in claim 1 7, wherein the con- 
ductive line Is formed by perfonning a lift-off process 
or a hard mask process. 
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